observers tracked a horizontally moving spot, the path of a second spot moving at an angle to the horizontal was radically misperceived. At a signal observers abruptly switched to tracking the second spot, which was then stabilized foveally. Data concerning resulting eye movements and perceptions support a distinction between the "central" motor command, which is found to be formulated solely from the erroneous perception, and the motor command that finally reaches the eye. which, under some specifiable circumstances, has been "peripherally" transformed so that the actual motion of the eye is appropriate to the actual motion of the target.
Several studies have shown that the paths of motion of spots of light moving in the dark are often strikingly misperceived (Dodge, 1904; Ford, 1910; Duncker, 1929; Fujii, 1943; Johansson, 1950 : Sumi, 1964a Dichgans, KSrner and Voight, 1969; Sumi, 1971; Mack and Herman, 1972; Mack. Fendrich and Sirigatti. 1973; Gogel, 1974; Festinger and Easton. 1974; Coren, Bradley, Hoenig and Girgus, 1975) . One explanation of such misperceptions, first suggested by Dodge (1904) . is that they arise from a failure of the perceptual system to take adequate account of the smooth pursuit movements of the eyes. In our own work (Festinger, Sedgwick and Holtzman, 1976; Sedgwick and Festinger, 1976 ) the accurate measurement of eye position during smooth pursuit allowed us to compare the actual. the retinal, and the perceived paths of spots of light moving back and forth in harmonic motion. We found that, when the eye pursues such a spot in the dark, the perceived extent of its motion is much less than the actual extent. Also, the orientation of an untracked spot's path in the dark is radically misperceived when the eye is tracking another spot along a differently oriented path. In this latter case the path along which the untracked spot is perceived to move is quite close to the path it sweeps out on the retina. These data, gathered using a variety of different speeds and extents of tracking motion, suggest that although the perceptual system may have accurate information about the direction in which the eye is moving during smooth pursuit, it attributes a relatively low speed to the eye, almost irrespective of its actuai speed.
Perception, in such situations, depends upon information received from the oculomotor system about 'The research on which this article is based wa.s supported by Grant Number MH-16327 from the National man, 1972; Matin, 1972 Matin, , 1975 . is not totally unequivocal, it appears to us to favor the monitoring of the motor command as the main source of extraretinal information about eye movements that is available to perception. Errors in perception arising from inadequate extraretinal information concerning smooth pursuit eye movements could conceivably occur from faulty monitoring of the motor command. A more intriguing possibility, however, is that the monitoring is accurate but the motor command itself, at the "central" stage at which it is monitored, does not contain accurate velocity information. A difficulty with this hypothesis is that the actual tracking movements of the eye are usually quite accurate, even in situations in which the perception of the target's path of motion is very inaccurate. This leads us to distinguish between the motor command at the stage at which it is monitored by the perceptual system, which we will refer to as "central," and any subsequent unmonitored transformation of the command, which we will refer to as "peripheral". What must be implied then, if accurate velocity information is not contained in the "central" monitored command, is that the final innervation of the extraocular muscles has been, somehow, transformed "peripherally". This implication needs further investigation.
These conjectures also raise questions concerning the use of perceptual information in formulating "central" motor commands. If these commands are based on perception, then when the perception is in error, as it sometimes is during smooth pursuit, new "central" motor commands also would be in error. A "central" command to pursue a target whose direction of motion was misperceived. for instance, would
